Although differential selective pressures on males and females of the same species may result in sex-specific evolutionary trajectories, comparative studies of adaptive radiations have largely neglected within-species variation. In this study, we explore the potential effects of natural selection, sexual selection, or a combination of both, on bite performance in males and females of 19 species of Liolaemus lizards. More specifically, we study the evolution of bite performance, and compare evolutionary relationships between the variation in head morphology, bite performance, ecological variation and sexual dimorphism between males and females. Our results suggest that in male Liolaemus, the variation in bite force is at least partly explained by the variation in the degree of sexual dimorphism in head width (i.e. our estimate of the intensity of sexual selection), and neither bite force nor the morphological variables were correlated with diet (i.e. our proxy for natural selection). On the contrary, in females, the variation in bite force and head size can, to a certain extent, be explained by variation in diet. These results suggest that whereas in males, sexual selection seems to be operating on bite performance, in the case of females, natural selection seems to be the most likely and most important selective pressure driving the variation in head size. © 2010 The Linnean Society of London, Biological Journal of the Linnean Society, 2010, 101, 461-475. ADDITIONAL KEYWORDS: diet -ecomorphology -interspecific variation -natural selection -sexual differences -sexual selection.
INTRODUCTION
Phenotypic sexual differences can arise through, and be maintained by, different, non-mutually exclusive, evolutionary processes. Sexual selection, in which a trait is selected for because it confers a mating advantage in one of the sexes through its effect in intrasexual competition or mate choice, is the process that comes to mind first. However, competition for scarce resources (e.g. food) may also lead to niche divergence between the sexes, and associated phenotypic divergence through the process of natural selection (cf. Selander, 1966; Schoener, 1967) . These different, in some cases even antagonistic, selective pressures on males and females may result in divergent evolutionary trajectories between the sexes.
Most studies linking phenotype with environment have largely neglected within-species variation. Instead the focus has been on a single sex, typically the male, or male and female data have been lumped together in trying to explain overall species-wide adaptive patterns. Only more recently have researchers begun to take sex-specific variation into consideration in comparative studies of adaptive radiations (Butler, 2007; Stuart-Fox & Moussalli, 2007; Pincheira-Donoso et al., 2009) . Surprisingly, these studies show that sexes often appear to be distinct ecological units, and differ in the way that variation in morphology and ecology relate to one another (Butler, 2007; Stuart-Fox & Moussalli, 2007; Pincheira-Donoso et al., 2009) .
To understand the evolutionary correlations between phenotypic divergence and ecological variation in either sex, quantification of the functional capacities at executing ecologically relevant tasks (i.e. performance; Huey & Stevenson, 1979 ) is essential (Arnold, 1983) . A plethora of studies have addressed whether and how natural selection shapes the ecomorphological relationship through the mediating effect on performance in a variety of animals (see the review in Irschick et al., 2008) . Recently, researchers have begun to incorporate performance measures in sexualselection studies (Lailvaux et al., 2004 (Lailvaux et al., , 2005 Huyghe et al., 2005; Lappin & Husak, 2005; Lailvaux & Irschick, 2006; Peterson & Husak, 2006) . However, disentangling the effect of natural selection and sexual selection on performance, and comparing it between males and females on a macroevolutionary (i.e. interspecific) scale, has, to our knowledge, received only little attention. In this paper we explore this issue and investigate the evolutionary processes responsible for the phenotypic divergence both among species and between sexes.
To do so, we study the evolution of bite performance in male and female Liolaemus lizards. We opt to quantify bite performance as it has previously been shown to be of prime importance in both natural-and sexual-selection contexts. For instance, whereas sexual differences in bite force have been linked to dietary divergence between males and females in different lizard species (Herrel et al., 1999 (Herrel et al., , 2001a (Herrel et al., , 2006 (Herrel et al., , 2008 Herrel, De Grauw & Lemos-Espinal 2001b; Verwaijen, Van Damme & Herrel, 2002; Brecko et al., 2008) , in other lizards bite force has been shown to be important in determining the outcome of antagonistic interactions between males (Lailvaux et al., 2004; Huyghe et al., 2005) , the acquisition of high-quality territories (Lappin & Husak, 2005) , and reproductive success (Husak, Lappin & Van Den Bussche, 2009 ). Here, we combine estimates of sexual and natural selection and test which selective processes may influence the evolution of bite performance in males and females.
As a model system to investigate the (potentially divergent) evolutionary trajectories of bite performance in males and females, we used South American Liolaemus lizards. The genus Liolaemus is not only extremely speciose, comprising more than 200 species belonging to at least six clades (Schulte et al., 2000; Espinoza, Wiens & Tracy, 2004; Pincheira-Donoso, Scolaro & Sura, 2008) , they are also very diverse with respect to ecological specializations and morphology, and are distributed over an extraordinarily large, for reptiles, environmental and geographic range (Espinoza et al., 2004; Schulte et al., 2004; PincheiraDonoso et al., 2009) . Moreover, the degree of sexual dimorphism in body size, shape, home-range size, and/or coloration varies greatly among species (Rocha, 1999; Halloy & Robles, 2002; Fox & Shipman, 2003; Frutos, Camporro & Avila, 2007; Pincheira-Donoso et al., 2009) , suggesting a varying intensity of sexual selection (cf. Stuart-Fox & Ord, 2004) . However, despite their evolutionary success, liolaemids are an understudied group of lizards with regard to ecomorphological and evolutionary studies (Jaksić, Núñez & Ojeda, 1980; Espinoza et al., 2004; Schulte et al., 2004; O'Grady et al., 2005; Pincheira-Donoso et al., 2009; Tulli et al., 2009) .
Here, we aim to disentangle the effect of natural selection and sexual selection on the evolution of bite performance in Liolaemus lizards. As an estimate of the intensity of sexual selection, we use sexual dimorphism in head size. In lizards, sexual head size dimorphism has been used as an indirect measure of sexual selection, as heads are typically used as weapons in male combat, and as head size determines the outcome of direct physically aggressive encounters (e.g. Hews, 1990; Molina-Borja, Padron-Fumero & Alfonso-Martin, 1998; Kratochvíl & Frynta, 2002; Gvoždík & Van Damme, 2003; Perry et al., 2004) . To test the hypothesis that bite force is shaped by natural selection, we quantify the variation in diet, with prey items classified according to their functional properties (i.e. hardness and evasiveness), and relate it to the variation in bite capacity. More specifically, we test: (1) which head size variables explain the variation in (relative) bite force; (2) for a correlation between the variation in diet and head size; and (3) for a correlation between our measures of sexual and natural selection and (relative) bite force in males and females.
MATERIAL AND METHODS

ANIMALS
Individuals of 19 Liolaemus species were captured by noose or by hand, from 4 February to 17 February 2009, in central and southern Argentina. Species, the number of individuals (males and females) per species, and exact location of capture are given in Table 1 . Animals were kept in cloth bags per species and location. All animals were transported back to the lab at the Instituto de investigaciones en biodiversidad y medioambiente (INIBIOMA) at Bariloche, Argentina. Every 5 days animals were released in a terrarium (1.2 m ¥ 0.6 m ¥ 0.4 m, L ¥ W ¥ H:) for 4 hours. A 150-W infrared bulb on one side of the terrarium provided heat; illumination was provided by parabolic aluminized reflector (PAR) lights. While in the terrarium, lizards were fed crickets (Acheta domestica) ad libitum and were sprayed with water at least twice. All morphological and bite-force measurements were performed within a maximum of 4 weeks of capture. Only individuals in good condition were used in bite-force trials.
MORPHOLOGY
We took the following morphological measurements on all individuals using digital callipers (Mitutoyo): snout-vent length (SVL), head length (HL), head width (HW), head height (HH), lower jaw length (LJL), the jaw outlever (JO), and the distance from the coronoid bone (estimated by the posterior edge of the jugal) to the tip of the lower jaw (CT). Head length was measured from the posterior edge of the parietal bone to the tip of the snout; head width was measured at the widest part of the head; head height was measured at the highest part of the head; lower jaw length was measured from the back of the retroarticular process to the tip of the lower jaw; the jaw outlever was measured as the distance between the jaw articulation to the tip of the lower jaw. In addition, we estimated two extra morphological variables reflecting the biomechanics of the jaw system by subtracting the jaw outlever from the lower jaw length (i.e. the inlever for jaw opening), and by subtracting CT from the jaw outlever (i.e. the inlever for jaw closing; see Fig. 1 ). Bony elements used to delineate morphological segments could be detected easily through palpation.
BITE FORCE
We measured the in vivo bite force for all individuals using an isometric Kistler force transducer (type 9203) mounted on a purpose-built holder and connected to a Kistler charge amplifier (type 5995; see Herrel et al., 1999 for a detailed description of the set-up). We induced the lizards to bite the force transducer by tapping them on the side of the mouth. The tapping typically resulted in a threat response in which the jaws are opened maximally. The free ends of the holder (bite plates) were then placed between the jaws, which resulted in prolonged biting. Each bite was scored as 'good' or 'bad' based on the willingness of the lizard to bite the plates, and the vigour with which it bit. We only used individuals for which we obtained at least five 'good' bites. As an estimate of maximal bite-force capacity, we used the highest bite force out of the five bites for each individual.
At least 1 hour before the start of the bite-force measurements, and in between trials, lizards were released in a terrarium with a heat lamp on one side so that lizards could reach their preferred body temperature. Number of individuals (per sex) and location (province, location name, and latitude and longitude) of capture are given.
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DIET Upon arrival in the lab at INIBIOMA in Bariloche, Argentina, we collected the faeces from the cloth bag, in which the individuals of a single species and location were kept. Faeces from different bags were stored separately in paper bags for further identification. We note that faeces could not be assigned to a particular individual or sex by this method. Although species were kept apart, data for males and females were pooled, and consequently we could not explore potential dietary divergence between the sexes. Before identifying the faeces contents, the faeces were rehydrated for 30 min. They were analysed under a microscope (Olympus) and flower buds, seeds, fruits, and insects were separated. Insects were identified to the lowest taxonomical order possible. The different prey types were separated into plant versus animal matter, and were classified according to taxonomical order and functional properties (i.e. hardness and evasiveness). The latter is based on the classification used in Vanhooydonck, Herrel & Van Damme (2007) , and results in three hardness groups (i.e. hard, soft, and intermediate) and two evasiveness groups (i.e. evasive versus sedentary). The contribution of each prey type to the diet of a species was estimated in terms of volume. However, most items could only be partly recovered from the faeces because they were bitten into pieces by the lizard or were partly digested. We were therefore unable to obtain reliable volume estimates for each item, and decided to estimate the volumes in relative terms. We did so in the following way. We used the volume of the smallest prey item found in any of the faecal pellets as the 'unit volume', and expressed the volume of all other prey items in this unit. The estimation of volumes was based on the (presumed) volume of prey items as a whole, i.e. prior to crushing and/or ingestion. To calculate the contribution of the different prey types (i.e. vegetal versus animal matter; hard, soft, and intermediately hard prey; and sedentary versus evasive prey) to the total prey volume, we first summed the volumes of all the prey items belonging to the same prey type. Subsequently, we estimated the proportion of plant material, the proportion of hard prey, soft prey, intermediate prey, and evasive prey, expressed in relative volume, per species as the ratio of the volume of the prey type of interest against the total volume. We did not calculate the proportions of animal material or the proportion of sedentary prey in the diet, as these are by definition complementary to the proportion of plant material and the proportion of sedentary prey, respectively.
ANALYSES
Raw data (species means and standard errors) of all morphological variables, bite force, and diet are listed in Appendices 1 and 2.
We calculated the mean values of the morphological and performance variables per species and sex, and logarithmically (log10) transformed them prior to analyses. As for the diet variables, proportions were estimated per species and then arcsine transformed. As an estimate of sexual selection, we calculated the sexual dimorphism in HW by taking the ratio of HW in males to HW in females (see Butler, Schoener & Losos, 2000; Losos, Butler & Schoener, 2003) . We subsequently logarithmically (log 10) transformed the ratio. All analyses were run separately for males and females.
As species share part of their evolutionary history they cannot be regarded as independent data points in statistical analyses (Felsenstein, 1985 (Felsenstein, , 1988 Harvey & Pagel, 1991) . To take this statistical nonindependence into account, we calculated independent contrasts (Felsenstein, 1985 (Felsenstein, , 1988 of all the variables under study using the PDTREE program (Garland, Midford & Ives, 1999) . We subsequently regressed the independent contrasts of each morphological variable, sexual dimorphism, and bite force against the independent contrast of SVL (forced through the origin; see Garland et al., 1999) , and calculated the residuals.
Calculating independent contrasts requires information on the topology and branch lengths of the phylogenetic tree. The phylogenetic tree of the 19 Liolaemus species studied here (Fig. 2) is based on a combination of morphological and mitochondrial DNA analyses of a much larger number of Liolaemus lizard species (Lobo, 2001 (Lobo, , 2005 Espinoza et al., 2004; Abdala, 2007) , and represents the 'best' current tree. We set the branch lengths to unity, as divergence times among the different species are unclear.
We tested for phylogenetic signal in all variables using a simple randomization test implemented in the PHYSIG program (Blomberg, Garland & Ives, 2003) . Using the same program, we calculated the K statistic to gauge the level of phylogenetic signal relative to the level expected for a character undergoing Brownian motion evolution along the specified topology and branch lengths (Blomberg et al., 2003) . The SVL and all dietary variables (i.e. proportion of plant material in diet, and proportion of hard prey, soft prey, intermediate prey, and evasive prey) were introduced into PHYSIG after log 10 and arcsine transformations, respectively. All other morphological variables (i.e. HL, HW, HH, JO, inlever for jaw closing, inlever for jaw opening, and CT) and sexual dimorphism in HW were size-corrected following the method suggested by Blomberg et al. (2003) prior to the calculation of the level of phylogenetic signal present in these traits.
We ran seven multiple regression analyses on the independent contrasts with different sets of dependent and independent variables for males and females separately to test: (1) which morphological variables explain the variation in bite force; (2) whether variation in diet (i.e. proportions of plant material, and hard prey, soft prey, intermediate prey, and evasive prey) can be explained by the variation in morphology; and (3) whether the variation in relative bite force can be explained by the variation in sexual dimorphism and/or the variation in diet (i.e. sexualselection versus natural-selection hypotheses). To ascertain that our estimate of sexual selection, i.e. sexual dimorphism in HW, and its relation to the relative bite force does not confound the relationship between relative bite force and head morphology per se, we regressed (residual) sexual dimorphism in HW against the (residual) HW for each sex (regression through the origin). The relationship was nonsignificant in both males (r = 0.12, P = 0.64) and females (r = 0.34, P = 0.15).
The different sets of variables used in the different analyses are shown in Table 2 . The selection of independent variables is based on biomechanical predictions and previously published empirical data with regard to the specific dependent variable. In all analyses, we used the backward selection method, and all regressions were forced through the origin (cf. Garland et al., 1999) .
Finally, to ascertain that the variation in sexual dimorphism in head size is not related to our measure of the intensity of natural selection (i.e. variation in diet), we regressed the independent contrasts of each dietary variable (i.e. proportions of hard prey, soft prey, intermediate prey, evasive prey, and plant material) against the residual independent contrasts of sexual dimorphism in head width.
To enhance the readability of the text, we will refrain from stating specifically that we have used the independent contrast in each variable. Instead, we will use SVL, residual HL, residual HW, residual HH, residual CT, residual jaw outlever, residual inlever for jaw opening, residual inlever for jaw closing, residual
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bite force, and the proportions of plant material, and hard prey, soft prey, intermediate prey, and evasive prey throughout the remainder of the text.
RESULTS
PHYLOGENETIC SIGNAL
K values, significance levels, and the observed MSE0/ MSE are given in Table 3 . The K values for all variables, in both males and females, were lower than 1. K values lower than unity may be caused by deviation from Brownian motion and/or measurement error. The randomization tests showed that in males the level of phylogenetic signal present is significant in SVL and (relative) HH, and is marginally nonsignificant in (relative) HW and bite force. The results are similar in females (Table 3) : the level of phylogenetic signal present is significant in SVL, (relative) HH and CT, and is marginally non-significant in (relative) HW. As for the dietary variables, the level of phylogenetic signal present is significant for the proportion of plant material, proportion of soft prey and evasive prey, and tends to significance for the proportion of intermediate prey (Table 3) . This means that for these traits, the phylogenetic tree used fits the data better than a random tree.
DIET
We found three types of plant matter (i.e. flowers, fruits, and seeds) and six different types of arthropods Figure 2 . Phylogenetic relationships among the 19 Liolaemus species studied here. This currently 'best' tree is a combined tree based on morphological and molecular analyses reported in the literature (Lobo, 2001 (Lobo, , 2005 Espinoza et al., 2004; Abdala, 2007) . As divergence times are unknown, all branch lengths are set to unity.
[i.e. ants (Formicidae), spiders (Araneae), larvae, cockroaches (Blattaria), beetles (Coleoptera), and grashoppers (Orthoptera)] in the faecal pellets of the 19 Liolaemus species under study here. Fruits, ants, spiders, larvae, and cockraoches were classified as soft prey; grasshoppers and flowers were classified as being intermediate in hardness; coleopterans and seeds were classified as hard prey; and ants, cockroaches, coleopterans, and grasshoppers were classified as evasive prey (cf. Vanhooydonck et al., 2007) .
As for the estimation of the volumes of the different prey types, ants, being the smallest prey, were used as the unit of volume. In doing so, we considered (the volume of) one seed to be equal to (the volume of) two ants, one coleopteran to be equal to three ants, one grasshopper, cockroach, spider, larva, or fruit to be equal to five ants, and one flower to be equal to six ants. This provides us with a relative index of the volume contribution of each prey type in the diet.
HEAD MORPHOLOGY AND BITE FORCE
In males, the multiple regression analysis with residual bite force as the dependent variable, and with Table 2 . All multiple regressions, with dependent and independent variables given, performed on the independent contrasts for males and females separately All morphological variables, except snout-vent length (SVL) and bite force, are size-corrected following the method suggested by Blomberg et al. (2003) . Phylogenetic signals are calculated for males and females seperately, except for dietary variables. Variables showing significant phylogenetic signals (P < 0.05) are set in bold; variables that show a tendency towards significance are set in italic (P < 0.10).
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residual HL, HW, HH, CT, and inlever for jaw closing as independent variables, results in a significant model, in which residual HL and CT are retained (r = 0.71, F2,16 = 8.26, P = 0.003). Whereas residual HL is positively correlated with residual bite force (partial r = 0.69), the variation in CT is negatively correlated (partial r = -0.56), indicating that males with long heads but short snouts bite relatively harder. In females, the analogous multiple regression analysis also results in a significant model, but four independent variables are retained (i.e. residual HL, HW, CT, and inlever of jaw closing; Table 4 ). Whereas the variation in residual HL and HW are negatively (partially) correlated with the variation in residual bite force, the variation in residual CT and the inlever for jaw closing are positively (partially) correlated. Thus, females with short and narrow heads, but long snouts and greater jaw-closing inlevers, are better biters.
MORPHOLOGY AND DIET
In males, none of the multiple regressions with a dietary variable as the dependent variable, and all morphological variables entered as independent variables, resulted in a significant model. In the regressions, the F and P values of the 'best' model (i.e. highest F value and lowest P value) are smaller than 2.70 and greater than 0.10, respectively.
In females, the multiple regression analysis with plant material as the dependent variable resulted in a significant model in which SVL, residual HL and CT are retained (Table 4 ). The variation in both SVL and HL are positively (partially) correlated with the variation in proportion of plant material in the diet, whereas the variation in CT is negatively (partially) correlated (Table 4) .
Both multiple regressions with the proportion of soft prey in the diet and the proportion of evasive prey yield marginally non-significant models (Table 4 ). In the former, the variation in residual HL is negatively (partially) correlated with the variation in the proportion of soft prey, and the variation in residual CT is positively correlated (Table 4 ). In the latter, only the variation in SVL is retained, and it tends to be negatively correlated with the variation in the proportion of evasive prey (Table 4) .
The multiple regressions with the proportion of hard prey and the proportion of intermediate prey did not result in a significant model (both 'best' models: F < 1.88; P > 0.176).
SEXUAL DIMORPHISM, DIET, AND BITE FORCE
The multiple regression analysis with residual bite force as the dependent variable, and with the proportions of plant material, hard prey, soft prey, intermediate prey, and evasive prey in the diet, and the residual sexual dimorphism in HW as independent variables, resulted in a significant model in which only the latter variable was retained (r = 0.48, F 1, 17 = 5.03, P = 0.039; Fig. 3A ) for males. In females, the multiple regression analysis resulted in a marginally non-significant model in which the proportion of soft prey in the diet was retained (r = 0.45; F1, 17 = 4.19, P = 0.056; Fig. 3B ). These results suggest that in males, the evolution of residual bite force correlates positively with the evolution of sexual dimorphism among the 19 Liolaemus species under study, whereas in females it tends to correlate with some aspects of the diet.
In addition, none of the regressions of the variation in any dietary variable against sexual dimorphism in head size were significant (all r < 0.21, P > 0.39), suggesting variation in diet does not explain the observed variation in sexual head size dimorphism in these lizards. Only results on significant models are shown, and significant independent variables and their partial correlations (partial r) are given.
DISCUSSION
Our results show that among Liolaemus species, none of the variation in dietary variables explains a significant proportion of the variation in sexual head size dimorphism, suggesting natural selection related to the ability of the different species to eat different prey is not responsible for the sexual differences in head size. More importantly, the variation in male (relative) bite force is explained, at least partly, by the variation in sexual dimorphism in HW, and none of the morphological variables seem to correlate with dietary variables. On the contrary, in females the variation in bite force and head size seems linked, at least partly, to the variation in diet. Also, the level of phylogenetic signal (i.e. K statistic) in all variables Figure 3 . Plot of the residual independent contrasts of (A) bite force against the residual independent contrasts of sexual dimorphism in head width in males (r = 0.48, P = 0.039), and (B) bite force in females against the independent contrasts of proportion of soft prey in the diet (r = 0.45, P = 0.056). The marginally non-significant relationship in (B) is represented by a dashed line. Relative bite force may thus be, at least partly, under sexual selection in males, whereas in females the variation in relative bite force seems related to the variation in diet.
SEX-SPECIFIC EVOLUTION OF BITE PERFORMANCE IN LIZARDS 469
(morphology, performance, and diet) appears to be lower than one, i.e. they all show less signal than expected given the topology, branch lengths, and a Brownian motion model of evolution. This may be attributed to adaptation and/or measurement error, such as errors in the estimates of morphology, bite performance, and diet, and branch lengths and topology used in the analyses (Blomberg et al., 2003) . As for some of these variables randomization tests showed the presence of a phylogenetic signal, it provides justification for the claim that species cannot be regarded as independent data points in statistical analyses (Blomberg et al., 2003) . We note, however, that using 19 species is close to the sample size limit (i.e. 20 species) for obtaining reliable estimates in this kind of analysis (see Blomberg et al., 2003) .
BITE FORCE AND MORPHOLOGY
As for the relationship between (relative) bite force and head size, our results show that in males the variation in bite force is determined by the variation in relative HL and snout length (i.e. the distance from the back of the jugal to the tip of the snout). More specifically, males that are able to bite hard for their body size have relatively long heads but short snouts. From a biomechanical perspective these results are logical. In general, larger heads, more robust skulls, larger muscles, or a combination of all generate higher forces (see Herrel, Van Damme & De Vree, 1996; Herrel et al., 1999 Herrel et al., , 2001a Herrel, McBrayer & Larson, 2007) . In addition, longer heads result in a larger gape, thus enabling the animal to eat large prey (Herrel et al., 1996 (Herrel et al., , 1999 . The negative relationship between relative bite force and snout length is also intuitively obvious, as shorter snouts decrease the jaw outlever while maximizing the inlever for jaw closing, and thus optimizing bite force at the tip of the jaws. In females, however, the results are quite different. Unexpectedly, females that are able to bite hard for their body size have relatively short and narrow heads, but long snouts and greater inlevers for jaw closing. Although the latter can be explained by the fact that it offers more space for muscles involved in jaw closing, and thus results in greater bite forces (Herrel et al., 1996 (Herrel et al., , 1999 (Herrel et al., , 2007 , the relationship between bite force and the other three variables is opposite to the one expected based on biomechanical predictions, and differs from what was observed for males. Although some of the variation in head size seems correlated with dietary variation directly (see below), the bite force-morphology relationship in females remains unexplained. Still, as bite force is influenced by other morphological and physiological traits, such as the size, orientation, and physiological properties of the jaw muscles, and skull dimensions (Herrel et al., 1996 (Herrel et al., , 1999 (Herrel et al., , 2001b (Herrel et al., , 2007 Huyghe et al., 2009) , only testing for correlations between external head measurements and bite force may be overly simplistic. Alternatively, the increase in jaw closing inlever may suffice to generate higher bite forces while at the same time allowing females to have short and narrow heads. This would suggest, however, that alternative selective pressures are operating on head size in females.
BITE FORCE AND HEAD SIZE: NATURAL VERSUS SEXUAL SELECTION
The differential relationships between bite performance, diet, morphology, and sexual dimorphism in the two sexes suggest that male and female Liolaemus lizards are subjected to different selective pressures. As the variation in relative bite force in males seems to be explained by (our measure of) the intensity of sexual selection (i.e. sexual dimorphism in HW), and not by the variation in diet (i.e. natural selection), it suggests bite force, and associated head size, is sexually selected for. Although behavioural observations on Liolaemus lizards and knowledge of the social system are scarce, it has been shown in other lizards that in male-male encounters, the male with the greatest bite force and/or largest head typically wins the fight (Anderson & Vitt, 1990; MolinaBorja et al., 1998; Herrel et al., 1999; Kratochvíl & Frynta, 2002; Lailvaux et al., 2004; Huyghe et al., 2005) and acquires high-quality territories (Lappin & Husak, 2005) . In addition, it has been suggested that bite force and head size may be important for males in an intersexual context, as they need to grab and hold on to females to be able to copulate (i.e. mating bites; Herrel et al., 1996; Gvoždík & Van Damme, 2003) .
In females, we do find some evidence for natural selection acting on bite force and head size, as they are correlated to some degree with the variation in diet. First, in females, the proportion of evasive (insect) prey in the diet is correlated with body size, i.e. smaller animals seem to eat more evasive prey. This is not surprising as small body size may enhance maneuverability and acceleration capacity (e.g. Hill, 1950; Hedenström & Møller, 1992; Wilson, Franklin & James, 2000; Vanhooydonck et al., 2006 but see Huey & Hertz, 1984 , thus enabling the predator to chase and capture highly active prey. Conversely, larger body size is often associated with the inclusion of plant matter in the diet in many lizards in general (Van Damme, 1999; Cooper & Vitt, 2002; Herrel et al., 2004a) , and in liolaemids. More specifically, in female liolaemids, more plant material is included in the diet by species with a larger body size, and with relatively long heads and short snouts. These results are in line with biomechanical predictions and empirical data on body size and head size in other omnivorous lizards (Herrel et al., 1999 (Herrel et al., , 2004a Herrel, Vanhooydonck & Van Damme, 2004b) .
Lastly, the variation in relative bite force is positively correlated with the variation in the proportion of soft prey in the diet, i.e. female Liolaemus lizards feeding on mostly soft prey are the hardest biters. Although the morphological variation associated with the number of soft prey seems in line with the biomechanical predictions (i.e. short heads and long CT distances or snouts), the same variables seem (partially) correlated with bite force. The fact that the same morphological variables underlie both the number of soft prey consumed and bite force may thus explain the unexpected, and potentially indirect, positive correlation between the two variables. Also, we note that most liolaemids feed primarily on ants. In this case, contrary to earlier classifications (cf. Vanhooydonck et al., 2007) , we classified ants as soft prey as they are not crushed before being swallowed (see Appendix 2). Although no clear predictions on the relationship with head morphology and bite force have been put forward for ant specialists, it has been shown previously that prey capture in species with an ant-based diet is associated with unusual feeding behaviours, such as extremely rapid tongue protrusion and a reduced degree of prey processing (Meyers & Herrel, 2005) . How such a specialized diet translates specifically into differences in head morphology and changes in bite capacity needs further investigation. Still, we believe that the opposite correlations between bite force and diet on the one hand and some of the same head size variables on the other, best explains the absence of the link between bite force and the consumption of vegetal and/or hard matter. Data on the seasonal variation in diet and the use of other techniques to estimate dietary variation would be valuable additions here that could explain this apparent paradox.
We note that our findings need to be interpreted with caution as diet data were pooled for both sexes per species. We realize this might obscure sex-specific relationships between the variation in head morphology, bite performance, and diet. Still, we believe our results suggest sexual selection plays a role in the evolution of bite performance in male Liolaemus lizards, as sexual dimorphism in HW explained a significant proportion of the variation in bite performance. In addition, bite strength in males in 18 of the 19 species under study (see Appendix 1) largely exceeds the level of force generally needed to crush the prey items, such as arthropods, fruits, and seeds, found in the faeces (i.e. around 3 N, except for some beetles; Herrel et al., 1996; Andrews & Bertram, 1997; Herrel et al., 1999 Herrel et al., , 2001b Aguirre et al., 2003 
